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Abstract	  
	  
The cognitive complexity of animal cooperation has held an important interest 
to evolutionary biologist and psychologists during the last decade, particularly with 
regard to understanding the cognitive implications of cooperation in our own species. 
Accumulating data have empirically revealed that non-human animals including 
rodents, display actions that benefit others - Prosocial behavior. The prevalence of 
other-benefiting behavior within a given species or in a certain context may depend on 
the species capacity to understand goals and on the facility with which another’s goal 
can be inferred from the situation or by evident indications or requests. 
The present project aimed to study prosocial behavior in rats where prosocial 
choice did not yield a benefit nor a cost to the focal animal. It has been proposed that 
rats would only display prosocial behavior under distress. To our knowledge, there are 
no published attempts at probing prosocial behaviour in rats using reward-based tasks. 
Therefore, we set out to develop a reward-based task to study the mechanisms of 
prosocial behaviour in rats. 
We found that rats were prosocial in a food-foraging task, providing access to 
food to a cage-mate in the absence of added self-benefit or cost. This behaviour was 
modulated by the delivery of reward to the recipient rat, and the display of food-
seeking behaviour expressed as poking a nose-port on the door that gave access to the 
food-baited arm and by social interactions during the task. We believe that using a 
classical type of decision-making task in combination with the vast tools available in 
rodents to record and manipulate brain activity will greatly impact the search of the 
neural mechanism underlying prosocial behaviour.  
 
Keywords: Prosocial behavior; decision-making; food-seeking behavior; reward; rats	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Resumo	  
Na ultima década, a complexidade cognitiva da cooperação animal tem 
suscitado interesse em evolucionistas e psicólogos, mais concretamente no que diz 
respeito à compreensão das implicações cognitivas  deste  comportamento em 
Humanos.  A crescente acumulação de dados têm vindo a revelar que, empiricamente, 
animais não-humanos, incluindo roedores, manifestam comportamentos que 
beneficiam o outro - comportamento pró-social. A ocorrência deste comportamento 
numa determinada espécie ou num determinado contexto pode depender da capacidade 
dessa espécie em entender o propósito da situação bem como a facilidade em 
compreender o objectivo do parceiro através da análise da situação ou por 
solicitações/indicações evidentes. 
O presente projeto teve como finalidade estudar o comportamento pró-social 
em ratos onde a escolha pró-social não foi diretamente benéfica ou teve algum custo 
para o animal “focal”. Estudos anteriores mencionam que os ratos só demonstram 
comportamento pró-social em condições sob stress. No entanto, não é do nosso 
conhecimento estudos que demonstrem o comportamento pró-social em ratos usando 
protocolos baseados em recompensas. Desta forma,  propusemo-nos  a desenvolver um 
protocolo  baseado na obtenção de recompensas para estudar os mecanismos de 
comportamento pró-social em ratos. 
Descobrimos que os ratos agem de acordo com o comportamento pró-social em 
situações onde  o parceiro demonstra, ativamente, interesse na obtenção através do 
“nose-poke” na porta que lhe dá acesso à recompensa. Este comportamento é também 
modulado pela informação que é adquirida aquando da entrega da recompensa ao 
parceiro e pelas interações sociais existentes durante o processo. Acreditamos que ao 
usar protocolos que envolvem um tipo clássico de tomada de decisão bem como as 
vastas ferramentas disponíveis para gravar e manipular a atividade cerebral de roedores 
levará a importantes avanços no conhecimento dos mecanismos neuronais envolvidos 
no comportamento pró-social.	  	  	  
Palavras-­‐chave:	  comportamento	  pró-­‐social;	  tomada	  de	  decisão;	  Comportamento	  de	  busca	  por	  alimento;	  recompensa,	  ratos 
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Chapter	  I.	  Introduction	  	  
The cognitive complexity of animal cooperation has held an important interest 
to evolutionary biologist and psychologists during the last decade, particularly with 
regard to understanding the cognitive implications of cooperation in our own species 
(Drea and Carter, 2009). Inter and intra-specific cooperation has been the subject of a 
large number of studies and can be defined as an interaction between individuals that 
results in net benefits for the recipient and can be benefic and/or costly to the subject 
(Scheid and Noë, 2010; West et al., 2007). 
There are many examples of cooperative behavior in the wild, species can 
cooperate in contexts such as foraging, mate attraction, predator avoidance, territory 
defense, coalitionary support, allogrooming, and cooperative care of offspring (Stevens 
and Hauser, 2004; Greenberg et al., 2010). Consequently, cooperation is common in 
the animal kingdom and occurs between conspecifics and between heterospecifics but 
only recently, researchers have systematically brought the study of different forms of 
cooperative behavior into the laboratory. 
 
Evolution of cooperation 
The theory of evolution by Natural Selection suggest that individuals will be 
selfish rather than cooperative since this theory is based on the struggle for life and the 
survival of the fittest (Darwin, 1859; Fisher, 1930). In order to improve their fitness, 
animals have to deal with different environmental and social factors plus, the way that 
an animal behaves might improve its fitness or survival and sometimes, one can 
compromise the other. Then, what drives cooperation between individuals that, even 
paying some cost by assisting another, prevail over their actions?  
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For decades, studies in cooperative behavior have focused on non-human 
primates, such as chimpanzees, reflecting a general premise that higher-order cognitive 
functions in highly encephalized animals should enable organized teamwork. 
Chimpanzees in the wild exhibit a range of cooperative behaviors in a variety of 
contexts, such as coalition formation, food sharing, cooperative hunting, or communal 
defense of territories (Schwab et al., 2012). However primate studies have often failed 
to show cooperative problem-solving in the laboratory (Silk et al., 2005; Brosnan et al., 
2009; Jensen et al., 2006). In these lines, it has been shown that, when given a choice 
between an act that delivered food to both themselves and conspecific and an act that 
delivered food only to themselves, chimpanzees would choose indifferently and that 
they were focused only on their own reward and did not help their groupmate (Jensen 
et al., 2006; Silk et al., 2005). However, in these studies, the subject was most often 
working to get food for itself and the fact that Chimpanzees are natural food 
competitive could have an effect on the prosocial behavior (Yamamoto et al., 2009).  
Repayment of benefits is the most common evolutionary explanation of 
cooperation among nonrelatives. However, not all forms of cooperation produce 
immediate benefits (Suchak and de Waal, 2012). An action is called “selfish” 
regardless of whether or not the subject deliberately seeks benefits for itself. Thus, in 
situations in which individuals gain immediate benefits by cooperating we are in the 
presence of Selfish cooperation or Mutualism if both individuals obtain benefits 
(Brown, 1983).  In the other hand, an action is called “altruistic” if it benefits a 
recipient at a cost to the subject – Altruistic Behavior (de Waal, 2008). Literature also 
refers to Reciprocity when the decision to pay some cost for the benefit of another is 
based on the expectation for future help (West et al., 2007).  This can be based on 
information about a particular partner or towards others – Direct/indirect reciprocity, 
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or on anonymous cooperative experience with any partner - Generalized reciprocity 
(Rutte and Taborsky, 2008). According to Viana et al. (Viana et al., 2010), the 
probability of a cooperative action is highest when it constitutes a reciprocating act 
toward a previously cooperative individual, agreeing with the statement of Hamilton 
(Hamilton, 1964) and Trivers (Trivers, 1971) that cooperation and altruistic behavior 
are thought to have evolved to help those inclined to return the favor, and even more if 
they are family members – Kin selection.  
Kin selection plays a fundamental role in the organization of behaviors in a 
variety of species. One example of kin selection comes from studies of social insects, 
in particularly eusocial species, which completely forego the chance to reproduce and 
often commit suicide in their quest to protect the offspring produced by breeders 
(Bergmüller et al., 2007). Since they are family members, prosocial tendencies emerge 
from the fact that assisting their genetic relatives would better enable to propagate a 
fraction of their own genetic legacy in future generations (Decety et al., 2012). 
In group selection, natural selection operates at two levels: within and between 
trait groups where a trait group is defined as all individuals that affect each other’s 
fitness (Wilson, 1980). According to this theory, a behavior is prevailing in a 
population because of the benefits gain in that group even though they cause the 
individuals who exhibit this behavior sacrifice fitness by supporting the group. The 
difference between this model of group selection and kin selection is that members of 
"trait groups" are not related (West et al., 2007). 
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Experimental studies of cooperative behavior in different species 
Regarding the constrains for cooperative behavior to appear, it has been 
proposed that cognitively, the individual must know something about the goal the other 
is attempting to achieve, as well as the current obstacles to that goal to help another to 
solve a problem (Warneken and Tomasello, 2006). Motivationally, exerting effort to 
help another is costly, meaning that, for the focal individual (the one that provides 
help) to dispend energy giving assistance needs to have some motivation behind it 
(Warneken and Tomasello, 2006).  
Since helping others is costly, some authors have suggested that the human 
form of sharing is inconsistent with the predictions of kinship theory and reciprocity in 
which individuals cooperate to maximize their inclusive fitness by having something in 
return (Hamilton, 1964; Fehr and Fischbacher, 2003; West et al., 2007).  Others have 
proposed that our species has evolved unique motivational and cognitive skills for 
sharing, and that human cooperation is based on psychological mechanisms like sense 
of fairness, the disposition to punish cheaters and to reward those who cooperate (Fehr 
and Gachter, 2002; Fehr and Fischbacher, 2003). 
Other-regarding preferences have been recently proposed to support 
cooperation between non-human individuals (Tan and Hare, 2013). However, the 
prevalence of other-benefiting behavior within a given species or in a certain context 
may depend on the species capacity to understand goals and on the facility with which 
another’s goal can be inferred from the situation or by evident indications or requests 
(Skerry et al., 2011). The extent to which such psychological capacities exist in other 
animals is still under investigation. Several efforts have been made to link cooperation 
to animal cognition however, when tested in natural populations and in laboratory 
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conditions, some types of cooperation have been difficult to validate (Viana et al., 
2010). 
Coordination and collaboration imply adjustment to the behavior of the 
partners, and collaboration requires the partners to perform different and 
complementary actions (Chalmeau et al., 1997). Taking this into account, several 
studies have been made to explore the cognitive requirements underlying coordination 
towards a shared goal (Plotnik et al., 2011; Drea and Carter, 2009; Massen et al., 2010; 
Scheid and Noë, 2010; Seed et al., 2008; Hirata and Fuwa, 2007; Mendres and de 
Waal, 2000; Crawford, 1937; Chalmeau et al., 1997; Rutte and Taborsky, 2007; 2008; 
Hare et al., 2007). In these studies, two individuals need to work together to obtain a 
food reward. Crawford conducted the pioneering study in 1937 in which a chimpanzee 
had to pull a rope to drag a box that contained food but the box was too heavy for one 
chimpanzee to pull thus, two chimpanzees had to cooperate by pulling a rope to drag 
the box together (Crawford, 1937). Success occurred after active teaching by the 
experimenter. However, success in this task does require cooperation, but it does not 
necessarily demonstrate an “understanding” of this condition by the subjects.  
Several studies emerged using modifications of this task to better test if the 
individuals understood the role of the partner in non-human primates (e.g.(Mendres 
and de Waal, 2000; Hirata and Fuwa, 2007; Chalmeau et al., 1997; Hare et al., 2007; 
Jensen et al., 2006; Silk et al., 2005)). However, the results are ambiguous and among 
numerous explanations, it may be due both to the nature of the task used or because 
some species of non-human primates have a weak tendency to cooperate for food in 
the wild (Drea and Carter, 2009). Moreover, methodological differences between the 
different studies such as the task design and differences in training phases prior to the 
test phase make between-studies comparisons difficult.  
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There have been numerous efforts to study cooperative solving tasks in 
different animal species such as hyenas, elephants, and some bird species (Drea and 
Carter, 2009; Plotnik et al., 2011; Seed et al., 2008; Scheid and Noë, 2010; Rutte and 
Taborsky, 2007; 2008). 
Since hyenas (Crocuta crocuta) cooperate for food in the wild, researchers 
expected to obtain better results when tested for cooperative behaviors involved food 
in laboratory. Using several modifications of Crawford task, the experiments involved 
the delivery of hidden food rewards from an elevated platform by the individuals 
raising its heads and pulling simultaneously two vertically suspended ropes. Without 
specific training, hyenas learned the need of working together to obtain food that was 
otherwise unavailable to them individually (Drea and Carter, 2009). 
A study using Asian elephants (Elephas maximus) has shown that elephants not 
only cooperate successfully in a coordinated pulling task but also recognize the need 
for a partner by waiting if the partner is delayed (Plotnik et al., 2011). The emergence 
of waiting behavior was a factor in the rise in successful performances. 
It has been proposed that low inter-individual tolerance levels, resulting from 
competitive relationships over resources such as food, compromise cooperation 
between chimpanzees, but not between the bonobos (Hare et al., 2007). This also 
support the hypothesis raised by (Drea and Carter, 2009) that the cooperative rate in a 
particular specie depends in its natural behavior  and personality.   
Studies with rooks (Corvus frugilegus) using the same type of pulling task 
found that rooks, like chimpanzees, are capable of solving a cooperative problem 
without training, being the results better with more tolerant dyads (Seed et al., 2008). 
However, in this study they found no evidence that rooks understood the requirements 
of the task. Another study with rooks demonstrated that successful cooperation 
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depended on the temperament of the animal and was correlated with corticosterone 
levels (a stress-related hormone), being bolder individuals more willing to participate 
in the task (Scheid and Noë, 2010). 
 Cooperation among animals in the wild becomes particularly interesting if 
shown between unrelated individuals meaning that kin selection can’t explaining it 
anymore (Taborsky, 2013) and to address this question, studies have been made to 
study cooperation among nonrelatives.  Two studies in rats (Rattus norvegicus) using a 
slightly different instrumental cooperative task (pulling a stick to provide food for 
another), demonstrated, for the first time, that rats are more helpful towards a new and 
unknown partner if they had received help before – generalized reciprocity (Rutte and 
Taborsky, 2007). In the second study the authors demonstrated that the rats also could 
discriminate between a partner that provided help and a partner that did not – direct 
reciprocity, and based their own helping behavior on previous interactions with a 
particular partner (Rutte and Taborsky, 2008). In a study with vampire bats (Desmodus 
rotundus) the group of Taborsky also showed that food sharing by regurgitation of 
blood occurs between unrelated individuals and that depends equally and 
independently on degree of relatedness and on index of opportunity for returning the 
sharing (Taborsky, 2013). This study demonstrates that the conditions for the evolution 
of such reciprocal exchange are favorable for these animals, since the costs of sharing 
blood are benefic in the future.  
 A recent study with young children and Capuchin Monkeys (Cebus apella) 
showed that both monkeys and children pay forward positive and negative outcomes 
suggesting that paying forward behavior in monkeys and children is best explained by 
a simple “give-what-you-get” mechanism that may be the foundation upon which more 
complex cooperative behaviors are built in adult humans. (Leimgruber et al., 2014) 
	   	  |	  12	  |	  
It has also been shown that children and chimpanzees are both disposed to help, but 
they differ in their ability to interpret the other’s need for help in different situations 
and that Chimpanzees are more likely to help others obtaining nonfood goals 
(Warneken et al., 2007). Other experiments have provided further evidence that a 
variety of primates help other individuals to obtain food when there is no immediate, 
concrete reward for their help (Warneken et al., 2007; Melis et al., 2010). This type of 
behavior suggests that non-human primates also have other-regarding motivations.  
Finally, it has been recently shown that bonobos (Pan paniscus) are able to 
display helping behavior and other-regarding motivations, and also that this behaviors 
are performed towards strangers, feature that was thought to be unique for humans 
Bonobos exert efforts to help strangers and groupmates obtaining out-of-reach food as 
long as the cost of such helping is relatively low, especially if it does not require giving 
up food in their possession (Tan and Hare, 2013).  
Accumulating data have empirically revealed that non-human animals display 
actions that benefit others and this type of cooperation is where relies our interest to 
this project and is called Prosocial behavior. 
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Prosocial behavior 
Prosocial behavior refers to actions performed by an individual that benefits 
others (Tan and Hare, 2013). Prosociality can be motivated by self-oriented concerns 
such as a desire for social approval, concrete rewards, or reciprocal prosocial 
responding (Svetlova et al., 2010). Yet, the underlying motivations are not necessarily 
based on self-interest. When an individual cannot predict any return benefit, the 
prosocial behavior might be driven by other-regarding motivations (de Waal and 
Suchak, 2010). Prosocial behavior is largely affected by context and there are reasons 
to predict that the social relationships, behaviour of the subjects and the task design 
have influenced the expression of prosociality in the different experiments (Cronin, 
2012). 
Two main experimental paradigms have been developed to empirically test 
non-human animal’s prosociality: (i) Prosocial Choice Test (Brosnan et al., 2009; 
Burkart et al., 2007; de Waal et al., 2008; Di Lascio et al., 2013; Schwab et al., 2012; 
Silk et al., 2005; Suchak and de Waal, 2012) and (ii) Giving Assistance Test also 
called out-of-reach task (Horner et al., 2011; Leimgruber et al., 2014; Massen et al., 
2010; Melis et al., 2010; Rutte and Taborsky, 2007; 2008; Schneeberger et al., 2012; 
Skerry et al., 2011; Warneken et al., 2007; Warneken and Tomasello, 2006; Yamamoto 
et al., 2009). 
In the Prosocial choice task, the focal animal (the one that has the possibility to 
provide help) is typically offered the choice between one of two options. The first 
option provides a reward only for itself and the second option provides reward to both 
the focal and the recipient animal (the one that will be provided with help). The effort 
required is the same for both choices and they differ only by whether or not the 
recipient receives a reward (Cronin, 2012).  
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In the second paradigm, the Giving Assistance Test, subjects are exposed to a 
scenario in which the recipient appears to be in need of an object that is out of its reach 
but accessible by the focal. Subjects are tested for whether or not they retrieve the item 
and transfer it to the recipient (Cronin, 2012). Experiments with Chimpanzees 
demonstrated that they helped conspecifics obtain both food and non-food items, given 
that the donor could not get the food itself, and the key factor eliciting chimpanzee’s 
targeted helping was the recipient’s attempts to either get the food or get the attention 
of the potential donor (Melis et al., 2010).  
Another contextual feature that is likely to influence prosociality is the social 
relationship between actors (Cronin, 2012). Using the Prosocial Choice Task, it has 
been shown that chimpanzees systematically favored the prosocial option providing 
their partner with the reward and these prosocial tendencies increased with social 
closeness, being lowest toward strangers and highest toward kin (Chang et al.,2011). 
These results support the theoretical predictions that prosociality is more likely 
between individuals who share a close social bond (de Waal et al., 2008). In species 
with high dominance hierarchies, like in many primate species, prosociality would be 
more likely to occur on behalf of dominant rather than subordinate recipients since 
dominance dictate priority of access to resources such as food (Cronin, 2012) . 
However, the mechanism supporting this effect is not well understood (de Waal et al., 
2008). 
Using the same type of task, it has been shown that prosocial responses from 
rhesus macaques were more often directed from dominant towards subordinate 
individuals (Chang et al., 2011). However in the case of despotic macaques, long-tailed 
macaques (Macaca fascicularis), their dominance hierarchy determines pro-social 
behavior in an unexpected way. High-ranking individuals provide access to food, while 
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low-ranking individuals suppress their partner access to food. Surprisingly, pro-social 
behavior is not used by subordinates to obtain benefits from dominants, but by 
dominants to emphasize their dominance position. This study suggests that these 
animals advertise their dominance position through pro-social behavior (Massen et al., 
2010). At a proximate level there may be many influences that result in prosociality 
occurring more often by dominant individuals (Cronin, 2012). 
 
Prosocial behavior in rats 
 
Until recent years, research on prosocial behavior was focused on non-human 
primates, as primatologists are generally interested in the phylogenetic roots of human 
psychology and cognition (Di Lascio et al., 2013).  However, in order to test how the 
social system, cognitive abilities and experimental set-ups affect the evolution, the 
amount of prosocial behavior data on other taxa should be helpful.  
Rats have been recently shown to be able to perform direct and indirect 
reciprocity (Rutte and Taborsky, 2007; 2008; Schneeberger et al., 2012), and to have 
the cognitive abilities required to engage in a Prisoner’s Dilema paradigm (Viana et al., 
2010).  
Moreover, studies with rats showed that prior social experience changes the 
propensity of rats to cooperate regardless of the identity of the partner (Rutte and 
Taborsky, 2007; 2008). After experiencing cooperation, rats are more helpful towards 
a new partner than after receiving no help, indicating that reciprocal cooperation in 
repeated encounters is not necessarily based on specific knowledge about the partner, 
but that any prior experience of cooperation can be used (Rutte and Taborsky, 2007). 
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These studies where the pioneers showing a specific type of cooperation – reciprocity 
in rats.  
Two recent studies appeared to investigated another type of helping behavior in 
rats, prosociality (Bartal et al., 2011; 2014). In these experiments, other-regarding 
motivations for prosocial behavior were also studied by exposing a free rat to another 
rat trapped inside a plastic tube with an outward-facing door. After several sessions, 
the free rat learned how to open the restrainer and released the other one. They also 
observed that rats did not opened empty or object-containing restrainers. In this study 
they also tested whether anticipation of social interaction was necessary to motivate 
door opening, concluding that the expectation of social contact was not necessary for 
eliciting prosocial behavior (Bartal et al., 2011). In a second study, they also tested 
whether rats would help unfamiliar individuals and observed that rats showed helping 
behavior equally towards cagemates and strangers, if the strangers were of their own 
strain (Bartal et al., 2014). However, rats did not help strangers of an unfamiliar strain, 
unless familiarized with them, suggesting that helping in rats may be innately biased 
towards the helper’s own strain. (Bartal et al., 2014). The authors of these experiments 
conclude that rodents, and mammals in general, may share a mechanism for mobilizing 
pro-social motivation in response to the distress of another individual. However, what 
drives the prosocial behavior remains unclear due to the fact that the rat could be acting 
to relieve its own stress or the recipient’s one. 
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The present project aims to study the mechanisms of prosocial behavior in rats, 
where prosocial behavior does not yield increased benefit or a cost to the focal, and 
using a Prosocial Choice Test and Giving Assistance Test in the same behavioral task. 
The use of  “no cost” paradigms reduces the role of self-interested motivations 
(Leimgruber et al., 2014). Moreover, it has been proposed that rats would only display 
prosocial behavior under distress (Silberberg et al., 2013). However, tasks that use 
food rewards allow for a better control over the behaviour of subjects and the outcomes 
of particular action choices, permitting the disentangling of factors that drive prosocial 
behaviour in rats. Therefore, we set out to develop a reward-based task to study the 
mechanisms of prosocial behaviour in rats with no cost involved to the participants. 
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Chapter	  II.	  Material	  and	  Methods	  
	  
Animals 	  
74 adult male Sprague-Dawley rats (Charles-River, France) were used in the 
experiments (375-425 g body weight at the beginning of the experiment). Upon arrival, 
rats were pair-housed and maintained with ad libitum access to food and water under a 
reversed light cycle (12 hours dark/light cycle; lights off at 10 AM) in controlled 
temperature conditions. Animals were left undisturbed in their home-cages for three 
weeks, allowing rats to habituate to our Vivarium Facility and routines, and to reverse 
their circadian rhythm. After this period, animals were handled during three days and 
habituated to the food pellets used in our task, in the home-cage. Experiments were 
performed during the second phase of the dark cycle, i.e. at least 3 hours after the lights 
were off. Animals were not food restricted during testing. Experimental procedures 
follow the Portuguese Guidelines, which comply with the European Directive 
86/6097EEC of the European Council. 
 
Behavioral apparatus 	  
The behavioural apparatus consisted of two identical fully automated individual 
T-mazes (Supplementary figure 1A-B) that could be placed together for the Prosocial 
Choice Task (Supplementary figure 1C). Custom made acrylic mazes (70 cm x 40 
cm, 30 cm high each individual maze) (Gravoplot, Sintra, Portugal) where 
automatically controlled using Graphic State 3.03 software and the Habitest interface 
(Coulbourn Instruments, Allentown, PA, USA). Custom-made automatic doors 
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(Champalimaud Scientific Hardware Platform, Lisbon, Portugal; Mobiara R&D 
Design, Lisbon, Portugal; WGT-Elektronik GmbH, Innsbruck, Autria) triggered by 
infrared beams (Champalimaud Scientific Hardware Platform, Lisbon, Portugal) 
controlled the position of the animals in the mazes. Each T-maze had a central corridor 
as starting point (Supplementary figure 1A), and two lateral choice arms at the end of 
which there was a food magazine. In the central corridor an automated door 
determined the beginning of the trial by giving access to the decision area, where the 
entrances to the lateral arms were located. To gain access to the lateral arms, rats had 
to poke in a light-cued nose-port (Coulbourn Instruments, Allentown, PA, USA) 
placed above an automated door triggering its opening. Once in the lateral choice arm, 
rats could retrieve food (45 mg pellet, reference F0021, BioServ, Frenchtown, NJ, 
USA), triggering the opening of the door that gave access to a small runway leading to 
the starting point at the centre arm, thus initiating another trial.  
Rats were first trained individually to poke in the nose port, retrieve food in the 
choice arm and go around the maze back to the starting point. Once training was 
complete the two T-mazes were placed facing each other (Supplementary figure 1C) 
and the ability of rats to cooperate was tested. Importantly, the wall that separates the 
two mazes was transparent and perforated (Supplementary figure 1D), allowing rats 
to see, hear, smell and partially touch each other. 
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Individual training in Standard Protocol 	  
 All animals were first habituated to the individual T-mazes, in two 15 min free-
exploration sessions, where all doors were open and nose-pokes and infrared beams 
inactive. After the second session, pellets were delivered in the food magazines and 
free consumption was allowed during 5 min. Next, rats were habituated to the opening 
and closing of the automated doors, by having these open and close independently of 
the rats’ behaviour. Once habituation sessions finished, all animals were shaped to rear 
to poke in the nose-port in order to open the door that gave access to the food magasin. 
Rats were allowed to nose-poke and explore both arms, which were always rewarded 
with several pellets. In order to increase the motivation to explore the maze and search 
for food, rats were slightly food-restricted in the following manner: number of food 
pellets in the home-cage was restricted to a 90% of the baseline intake, during the 
period from lights off to the training. Rats were allowed to eat ad libitum for the rest of 
the cycle. This minimal food restriction was only applied at the beginning of individual 
training (two days maximum) and no decrease in body weight was observed. Once 
animals performed few trials in this schema, within each dyad, rats were randomly 
assigned to be the helper (henceforth the focal rat) or the recipient of help. From that 
moment onwards focal and recipient rats received different kinds of individual training. 
Focal and recipient roles were fixed throughout the entire experiment, and each pair of 
animals was only used to test one experimental condition.  
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 Individual training for focal rats 
	  
 Focal animals were trained in the individual mazes during several sessions to 
perform one poke in the nose-port, retrieve one food-pellet in the choice arm and go 
around the maze back to the starting point. During training, focal rats received the 
same amount of food in both arms, until they were equally likely to visit either arm. 
Rats tend to perform alternations, and no side preference was observed at the end of 
the training (See Supplementary figure 2). Focal animals were trained for at least 5 
sessions. In the last two sessions of individual training, a delay in the opening of the 
central door was included, such that focal animals would have to wait a pseudo-
random period (from 2 to 20 seconds) to have access to the choice area. The rationale 
for this delay in starting the trial was to habituate focal animals to wait in the start area, 
as they might have to do in the Prosocial Choice Task, when they would have to 
coordinate with the recipient rat (a trial only started when both rats were in the centre 
arm and the nose-ports of focal rats were only active after the recipient made two nose-
pokes). 
 
 Individual training for recipient rats 
	  
 The aim of individual training for recipients was to (i) show a clear preference for 
one side of the maze and (ii) display a vigorous food-seeking behaviour (in our 
Prosocial Choice Task, nose-poking). To this end, recipients were rewarded in one arm 
only (randomly assigned to be the right or left arm) cued with a light whose nose-port 
was active. In this way, recipients would learn to go to only one side of the maze where 
they could retrieve one food-pellet (Supplementary figure 2, left panel). Nose-poke 
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training started with a fix ratio one schedule (FR1: one nose-poke in the assigned arm 
would open the door in that same arm, giving access to reward), and increased over 
days until FR5 was performed correctly (being the criteria to perform trains of nose-
pokes and be selective to the active nose-poke). During this phase of training recipient 
animals were minimally food-restricted (90% of baseline food intake, during the hours 
prior to training). In the last three days of individual training, recipients had to nose-
poke under a variable ratio five schedule (VR5: an average of 5 nose-pokes were 
needed to open the door of the rewarded arm). In the last two sessions, a delay in the 
opening of the central door was included, so recipient animals would have to wait a 
pseudo-random period (from 2 to 20 seconds) to have access to the choice area, in 
order to habituate them to waiting periods for the focal animal in the Prosocial Choice 
Task. Moreover, during these last two sessions of training, recipient rats were forced to 
visit the unrewarded arm in 10 and 20% of the trials. In this manner, recipient rats 
would learn that even if no pellets were given in the unrewarded arm, they would have 
go into the lateral arm and back to the start point to initiate the next trial. Finally, 
recipients were briefly re-trained immediately before each session of the prosocial 
choice task, to avoid extinction of food-seeking behaviour.  
 
Experimental conditions for the study of the mechanisms of prosocial 
behavior in rats 
 
Prosocial Choice Task in Standard Protocol 	  
During the Prosocial Choice Task pairs of cage-mate rats (n=15) were tested in 
the double T-maze (one per rat) described above, where a centre arm gave access to 
two food-baited arms gated by automated doors. These doors were controlled by nose-
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ports placed above them, such that when a rat would poke the nose-port the door 
underneath would open (see Fig 1 and Supplementary figure 1). Poking the nose-port 
corresponded to food-seeking behaviour in our task.  During testing, although both rats 
had access to the nose-ports of their corresponding mazes, only the ones of the focal 
were active and these controlled the doors of both mazes. In this manner, the recipient 
rat displayed food-seeking behaviour while the focal controlled the recipient’s access 
to the food-baited arms. A trial started when both focal and recipient rats were in the 
centre corridor. This would trigger opening of the centre doors giving access to the 
decision areas. At this point the recipient rat had to perform a minimum of two nose-
pokes (food-seeking behaviour) after which focal’s nose-ports would become active. 
Then, the focal rat could choose which nose-port to poke. Prosocial choice 
corresponded to choosing the side of maze that provided access to food to itself and the 
recipient, whereas choosing the side of the maze that provided food to itself and no 
food to the recipient corresponded to a selfish choice. Hence, prosocial and selfish 
choices provided the same amount of food to the focal rats. Importantly, in both 
choices (prosocial and selfish) focal and recipient rats went to the same side of the 
maze, so that choice was not affected by a desire for proximity to the recipient of help. 
Reward to the focal animal was available in its food magasin immediately after 
decision was made. However, the recipient rat would only receive its pellet once both 
animals were in the lateral arm, ensuring that information about the recipient getting or 
not getting reward was available for the focal animal. After entering the lateral arms, 
both animals would have to go back to the start point in order to reinitiate a new trial, 
synchronizing the presence of the pairs in the decision areas. Four daily sessions of 40 
minutes were performed.  
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Fig.1-	  Two-choice task for the study of prosocial behaviour in rats: apparatus and experimental 
design. (A)	  Schematic	  view	  of	  the	  double	  T-­‐maze.	  Each	  T-­‐maze	  (one	  per	  rat),	  consisted	  of	  a	  centre	  arm	  that	  gave	  access	  to	  two	  arms	   gated	   by	   automated	   doors	   (black	   lines),	   at	   the	   end	   of	  which	   food	  was	   delivered.	   Arrows	   in	   the	   upper	  maze	  represent	   the	   flow	  of	  movement	  of	   rats	   in	   the	  maze.	  Access	   to	   the	   choice	  area	  was	  prevented	  by	  automated	  doors	  placed	  in	  the	  central	  arm	  (grey	  lines).	  (B)	  The	  doors	  in	  the	  choice	  area	  were	  controlled	  by	  nose-­‐ports	  placed	  above	  them,	   such	   that	  when	  a	   rat	  would	  poke	   the	  nose-­‐port,	   the	  door	  underneath	  would	  open	   (See	  also	  Supplementary	  
figure	  1).	  (C)	  Schematic	  view	  of	  a	  trial.	  A	  trial	  started	  when	  both	  rats	  were	  in	  the	  central	  arm.	  Once	  the	  recipient	  rat	  started	   displaying	   food-­‐seeking	   behaviour	   (nose-­‐pokes	   on	   preferred	   side),	   the	   nose-­‐ports	   of	   the	   focal	   rat	   became	  active	  and	  the	  focal	  rat	  could	  choose	  to	  nose-­‐poke	  on	  either	  side	  of	  its	  own	  maze.	  A	  single	  nose-­‐poke	  by	  the	  focal	  rat	  opened	   the	  door	  underneath	   the	  port	   and	   the	  doors	  on	   that	   same	   side	  of	   the	   recipient’s	  maze.	  Then,	  both	  animals	  entered	   the	   lateral	   arm,	   and	   were	   rewarded	   according	   to	   experimental	   protocol.	   In	   the	   schema,	   the	   focal	   rat	   is	  represented	  with	  a	   red	  square,	   rewards	  as	  orange	  circles,	  nose-­‐ports	   that	   control	   the	  opening	  of	   the	  doors	  as	  grey	  rectangles	  and	  side	  preference	  as	  the	  angled	  head	  of	  the	  recipient	  towards	  the	  nose-­‐port	  of	  one	  side.	  
	  	  	  
	   	  |	  25	  |	  
Dissecting motivations of prosocial behavior: sensitivity to reward delivery 	  
A modification of the “Standard Protocol” was performed in order to evaluate 
the role of reward delivery to the recipient rat in the Prosocial Choice Task (n=11). 
Focal’s individual training and Prosocial Choice Task would be similar as in the 
“Standard Protocol”, but training of recipient rats was modified.  During the last three 
days of individual training, where VR5 was introduced, recipient’s nose-pokes in one 
side would no longer open the door in that side, but would randomly open one of the 
two lateral arms. Both arms would be always rewarded. In this way, during the 
Prosocial Choice Task, recipients would continue displaying vigorous side-specific 
nose-pokes, but would be rewarded always, independently of the choice of the focal 
rats (See Fig. 2A and Supplementary figure 3A, central panels). 
	  
Dissecting motivations of prosocial behavior: sensitivity of the display of food-
seeking behavior 	  
A modification of the “Standard Protocol” was performed in order to evaluate 
the role of the display of food-seeking behaviour of the recipient rat in the Prosocial 
Choice Task (n=11). Focal’s individual training would be similar as in the “Standard 
Protocol”, but training of recipient rats and Prosocial Choice Task was modified. 
During individual training in this condition, recipient rats did not need to nose-poke to 
gain access to the baited-arms. Once in the central corridor, one of the lateral doors 
would automatically open and they would be forced to visit that arm (See 
Supplementary figure 3A, right panel). During Prosocial Choice Task, recipients 
were kept behind a transparent and perforated door, away of the decision area, from 
trial start until the focal made its choice. In this way, no display of food-seeking 
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behaviour (nose-pokes or other possible types of seeking behaviour) was possible 
before the focal would nose-poke in one of the arms. Once decision was made, lateral 
doors of the choice-arm would open for both mazes and the central door would also 
open for the recipient.  In the same way as in the “Standard Protocol”, recipients in this 
condition would only be rewarded in one arm, which was counterbalance over pairs of 
animals, but kept constant over the experiment (Fig. 2A and Supplementary figure 
3A, right panel).  
	  
Data extraction from Mazes Interfaces 	  
Data from the positions and behaviour of the animals in the automated mazes 
was extracted from Graphic State 3.03 Software (Coulbourn Instruments, Allentown, 
PA, USA) and parsed using Matlab R2010b. 
	  
Video analysis of social behaviors 	  
Detailed video analysis of interacting pairs of animals in the maze was 
conducted by an experimenter blind to the treatment conditions, and assisted by a 
custom-made computer programme that would record frequency of pre-defined 
behaviours. Number of times focal and recipient rats investigated each other, number 
of times the focal unilaterally investigated the recipient and vice-versa were quantified.  
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Statistical Analysis 	  
The SPSS 22.0 (SPSS, Chicago, IL, USA) statistical package was used for the 
statistical analyses. The normality and homogeneity of variance of the data were tested, 
and the adjusted statistics were used as required. Non-parametric paired t-tests 
(Wilkoxon signed ranks test) were used to evaluate differences from baseline in the 
different conditions of the Prosocial Choice Task. One-way ANOVA and further post 
hoc tests were performed to compare the three different protocol conditions when 
averaging prosocial choices over sessions. In order to evaluate changes over sessions in 
the choices of focal animals, a repeated measures ANOVA with ‘session’ as within-
subject factor was performed. Non-parametric t-tests (Kruskal-Wallis H tests) were 
used to evaluate the differences on the number of nose-pokes, trial duration and 
manually recorded social behaviours between protocols, followed by pairwise 
comparisons when needed. One-way ANOVA was used to compare the trial duration 
ratio between experimental protocols. Non-parametric paired t-tests (Wilkoxon signed 
ranks test) were used to evaluate differences on trial duration and manually recorded 
trials between prosocial and selfish trials within each experimental condition. 
Sequential Bonferroni correction was performed to correct for multiple comparisons. 
Finally, pearson correlations were performed between focal choices and other variables 
of interest. Statistical significance was set at P<0.05.  
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Chapter	  III.	  Results	  
	  
Prosocial-choice task 	  
We first asked whether a rat (focal) provided access to food to another 
(recipient) in absence of increased direct self-benefit and without a cost related to its 
decision. Once individual training was complete (see supplementary results of 
individual training: Supplementary figures 2 and 3), rats were tested for prosocial 
behavior in the double T-maze. In the “Standard Protocol” (Fig.2A, left panel), the 
focal animal could choose between the side that provided food only to itself (“selfish” 
choice) and the opposite side that provided food to itself and to the recipient animal 
(“prosocial” choice). Moreover, the recipient rat would display food-seeking behavior 
(nose-pokes) and would obtain rewards only in the “prosocial” side. We found that rats 
quickly acquired a preference for the “prosocial” option, providing the recipient with 
access to the rewarded arm (Fig. 2B, green line). The proportion of prosocial choices 
was significantly higher than baseline in all testing sessions being significant already 
on the first one (p=0,017 for session 1; p=0,031 for session 2; p=0,001 for session 3 
and p=0,002 for session 4; Wilkoxon signed ranks test with baseline against each test 
session. Baseline corresponded to the average of focal’s choices in the last two days of 
individual training). This preference became higher and more reliable over the course 
of the following daily test sessions (p<0.05, repeated measures ANOVA with 
“session” as within-subject factor). Although most rats (12 out of 15) showed a reliable 
preference for the “prosocial” side, the strength of this preference varied substantially 
ranging from 59% to 89% (Fig. 2C, green dots).  
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These results suggest that rats behave consistent with a prosocial choice. We 
then asked what were the factors leading to this choice and performed complementary 
experiments, in order to dissect the underlying motivations of observed “prosocial” 
choices. 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  
	  
	  
Fig.	  2.	  	  Prosocial	  behaviour	  in	  the	  two-­‐choice	  task.	  
(A)	   Schematic	   views	   of	   the	   different	   protocols.	   In	   all	   protocols,	   focal	   rats	   were	   always	   rewarded	  with	   one	   food-­‐pellet,	  independently	  of	  choice,	  ensuring	  equal	  cost	  and	  benefit	  for	  both	  arms.	  In	  the	  “Standard	  Protocol”	  (left	  panel),	  recipients	  displayed	  food-­‐seeking	  behaviour	  by	  nose-­‐poking	  on	  the	  side	  where	  they	  would	  be	  rewarded.	  A	  “prosocial”	  choice	  (upper	  arm)	  resulted	  in	  reward	  to	  both	  animals	  and	  a	  “selfish”	  choice	  (bottom	  arm)	  resulted	  in	  reward	  only	  to	  the	  focal	  animal.	  In	  the	  “Reward	  on	  both	  sides”	  protocol	  (middle	  panel)	  the	  recipient	  still	  displayed	  food-­‐seeking	  behaviour	  towards	  one	  arm	  (upper	  arm),	  but	  now	  one	  food-­‐pellet	  was	  delivered	  to	  both	  animals	  on	  either	  side	  of	  the	  maze.	  Finally,	  in	  the	  “No	  display	  of	  preference”	  protocol	  (right	  panel)	  the	  recipient	  was	  prevented	  from	  accessing	  the	  choice	  area	  before	  the	  focal	  made	  its	  choice	  (door	  represented	  as	  a	  grey	  rectangle	  before	  the	  choice	  area).	  Rewards	  were	  delivered	  as	  in	  the	  “Standard	  protocol”,	  i.e.,	  prosocial	  choice	  (upper	  arm)	  one	  food-­‐pellet	  each	  and	  selfish	  choice	  (bottom	  arm)	  one	  food-­‐pellet	  to	  the	  focal	  rat	  only.	  
(B)	   Line	  graph	   (green	   line)	   shows	   that	   focal	   rats	   from	   the	   “Standard	  Protocol”	   (n=15),	   but	  not	   the	  other	   two	  protocols	  (n=11),	  quickly	  acquired	  a	  preference	  for	  the	  “prosocial”	  option,	  providing	  the	  recipient	  with	  access	  to	  the	  food-­‐baited	  arm.	  Mean	  ±	  SEM	  of	  the	  percentage	  “prosocial”	  choices	  are	  represented	  for	  each	  experimental	  condition.	  Baseline	  and	  four	  test	  sessions	  are	  shown,	  where	  baseline	  corresponds	  to	  the	  average	  of	  focal	  choices	  in	  the	  last	  two	  days	  of	  individual	  training.	  Wilcoxon	  Signed	  Rank	   test	  were	  used	   to	   compare	  proportion	  of	   “prosocial”	   choice	   in	  baseline	   against	   each	   test	   session	  within	  experimental	  groups.	  *	  denotes	  p<0.05	  and	  **	  p<0.005	  (C)	   Individual	  values	  of	  prosocial	  choices	  averaged	  across	  sessions	  are	  plotted	  for	  each	  experimental	  condition.	  One-­‐way	  ANOVA	  revealed	  differences	  between	  protocols,	  being	  the	  “Standard	  Protocol”	  significantly	  different	  from	  the	  other	  two	  conditions.	  **	  denotes	  p<0.005.	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Sensitivity to reward delivery  	  
To test whether “prosocial” choices were driven by the delivery of reward to 
recipients, we ran a second experiment with different pairs of animals where food 
pellets were delivered on both sides of the maze for both rats (Fig. 2A central panel). 
Hence, the recipient rat would have access to food regardless of the side chosen by the 
focal. Importantly, our set-up allowed the dissociation between food delivery and the 
display of food-seeking behaviour. To this end, we changed the individual training of 
recipient rats ensuring that they learned to poke on one side only, but this was 
associated with reward on both sides of the maze. Our results (Fig. 2B, orange line) 
showed that unlike the first experiment, focal rats stayed at 50% levels of preference 
between sides throughout all test sessions, showing no preference for the side where 
the recipient was poking, still conventionally called “prosocial” side (Wilkoxon signed 
ranks test, baseline against each prosocial test session, p=0.48 for session 1, p=0.59 for 
session 2, p=0.59 for session 3, p=1 for session 4). 
 
Sensitivity to the display of food-seeking behavior   	  
To test the role of food-seeking behaviour, we used different pairs of animals to 
perform a third experiment where recipient rats were held away from the choice area 
by a door in the centre arm, being thus prevented from poking the nose-ports or 
showing other forms of preference for the baited side (Fig. 2A, right panel). Therefore, 
in this experiment the focal rat had to choose without the display of preference by the 
recipient rat. Still, recipients would receive food on only one side of the maze, thus 
access to food depended on the focal’s choices. Again we found that focals stayed at 
50% level of preference for both sides (Fig 2B, blue line), showing no preference for 
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the side that led to reward delivery to recipient rats (Wilkoxon signed ranks test, 
baseline against each prosocial test session, p=0.33 for session 1, p=0.72 for session 2, 
p=0.66 for session 3, p=0.42 for session 4). 
The finding that the display of food seeking behaviour was important in driving 
prosocial choices, raised the possibility that the lack of preference for the prosocial 
side in the “Reward on both sides” protocol (Fig. 2B, orange line) resulted from the 
fact that recipient rats, despite their training, poked less on the “prosocial” side to 
which they were trained. Hence, we quantified the number of pokes on the prosocial 
side displayed by recipient rats before the focal made its decision in the first “Standard 
Protocol” and second “Rewards on both sides”, and found no difference (p=0,193 
obtained with Mann-Whitney test)  (Fig.3A and B). 
 
 
 
 
 
 
 
 
 
Fig.3 - Recipients displayed similar pre-decision food-seeking behaviour across protocols.  
The number of nose-pokes displayed by recipients in the prosocial rewarded side, before the focal made its choice, was 
similar in the ‘Standard’ and ‘Rewards in both sides’ protocols during each test session (left panel) and averaged across 
sessions (right panel). Box plots show median, first and third quartiles, minimum and maximum values and Crosses 
represent outliers. Mann-Whitney test over the averaged values revealed no differences between protocols in the number of 
nose-pokes performed (B). 
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During our experiments in the “Standard Protocol”, we noticed that when the 
focal animal chose the “selfish” side, the recipient would be reluctant to enter the 
unrewarded arm. Indeed, the time between focal making its choice and both rats 
entering the rewarded area was longer for “selfish” than “prosocial” trials in the 
“Standard Protocol” and “No display of preference” (p<0,001 for “Standard Protocol”; 
p=0,06 for “Rewards in both sides” and p=0,006 for “No display of preference” 
obtained with T-test for paired samples) (Fig.4A). This corresponded to the two 
experimental protocols in which reward was delivered to the recipient on one side only. 
This behavior, which may constitute a preference displayed by recipient rats, raised the 
possibility that “selfish” trials were systematically longer than “prosocial” trials, 
leading in turn to a higher reward rate for rats choosing more often the “prosocial” side. 
This could have influenced the choices of focal rats, even though rewards were 
available to the focal as soon as it made its choice such that the delay to receive reward 
(from nose-poking to pellet retrieval from the food magazine) was independent of the 
recipient’s behavior. To address this issue, we compared median trial duration of 
“prosocial” and “selfish” choice trials in all three protocols. “Selfish” trials were 
significantly longer than “prosocial” trials in all three experimental protocols (p=0,003 
for “Standard Protocol”; p=0,004 for “Rewards in both sides” protocol and p=0,021 for 
“No display of preference” protocol obtained with Wilkoxon test) (Fig.4B). As 
variability in trial duration across interacting dyads could mask differences between 
experimental conditions we computed the ratio of median trial duration between 
“prosocial” and “selfish” trials for each rat. Again, no difference was found across 
conditions (p=0,268 One-­‐way	   ANOVA) (Fig.4C) It was still possible that the 
difference observed between “prosocial” and “selfish” trial duration could explain the 
variance observed in the proportion of prosocial choices displayed by focals in the 
	   	  |	  33	  |	  
“Standard Protocol”. To examine this possibility we performed a Pearson’s correlation 
across the proportion of prosocial choice (displayed by each rat on each of the four test 
sessions) and the ratio between prosocial and selfish trial duration. We found no 
correlation between these two measures (r=0.030, p=0.82) (Fig.4D). 
Social interactions 	  
Finally, we examined how the interaction between focal and recipient rats 
related to the focal’s choices.  To this end, we quantified the number of times focal and 
recipient rats investigated each other, the number of times the focal unilaterally 
investigated the recipient and vice-versa, in four representative dyads. Given that all 
three forms of social investigation followed the same pattern (not shown), we used the 
sum of all three types of interactions. The amount of social investigation differed 
across experimental protocols, being significantly highest in the “Standard Protocol” 
and lowest in the “No display of preference” protocol (non-parametric t-test for 
independent samples, Kruskal-Wallis, revealed significant differences between 
protocols, p< 0.001. The differences obtained with the post hoc comparisons are 
represented in the graph by the *p<0.05; **p<0.005 and ***p<0.001) (Fig. 5A). 
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Fig. 4 - Focal’s reward rate does not predict choice. 
(A) Time elapsed between choice door opening and entry of both rats in the reward area is shown for “prosocial” and 
“selfish” trials in the three experimental groups. Rats took longer to enter the “selfish” arm, only in the experimental 
conditions where the recipient would not receive pellets in that arm (p<0.005 between “prosocial” and “selfish” trials, in 
“Standard Protocol” and “No display of preference” groups; t-test for paired samples for each experimental protocol). (B) 
The median duration of the entire trial was higher for “selfish” than “prosocial” trials in all three protocols (p at least <0.05, 
Wilcoxon test within each experimental protocol). (C) When the ratio between the duration of prosocial and selfish trials was 
calculated for each individual animal, no differences between groups were observed (One-way ANOVA, not significant). (D) 
Scatter plot showing percentage of prosocial choice and prosocial/selfish trial duration ratio (for each rat four data points are 
shown, one per session). Pearson’s correlation between the two variables was not significant, confirming that trial duration 
(or reward rate) was not predictive of choice. Different animals are colour coded. Mean ± SEM are represented in A, B and C. 
*denotes p<0.05 and ** p<0.005. 
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In a more detailed analysis of the social behaviors exhibited, we focused on 
interactions taking place before the focal made its choice (only possible in the 
“Standard Protocol” and the “Rewards on both sides”) and from the moment the focal 
made its decision until the recipient retrieved its food (or in selfish trials until the 
recipient entered the lateral unrewarded arm). We found no difference in social 
investigation from trial start until the focal rat made its decision in the two relevant 
conditions (“Standard Protocol” and “Rewards on both sides”, Mann-Whitney U test, 
p=0.196; not significant, Fig 5B). However, after the focal rat made its decision, rat 
dyads displayed higher levels of social investigation in the “Standard Protocol” and 
“No display of preference” protocol, relative to that observed in the ‘Rewards on both 
sides’ protocol (p<0.005, Kruskal-Wallis H test with further post-hoc analysis, Fig 5C). 
 We next assessed differences in social investigation between prosocial and 
selfish trials for all experimental protocols and saw an increase of social investigation 
in selfish trials in the protocols where the recipient received food only on one side, but 
not when reward to the recipient was delivered on both sides (p<0.005 in “Standard 
Protocol” and “No display of preference” protocol; p= 0.26 for “Rewards on both 
sides”; Wilcoxon test within each experimental protocol, Fig 5D). 
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Fig. 5 – Social investigation after the focal makes its decision is higher in selfish than prosocial trials. 
(A) Non-parametric t-test for independent samples (Kruskal Wallis) on the average of social investigation over sessions 
revealed differences between experimental protocols. Rat dyads from the “Standard Protocol” displayed more social 
investigation bouts compared to dyads from the other conditions, being the “No display of preference” protocol the one 
where animals show the smallest number social investigation bouts. (B) No differences in the amount of social investigation 
prior to focal’s decision were observed between the protocols where animals were allowed to interact (Mann-Whitney U test 
between “Standard Protocol” and “Rewards in both sides” protocol, not significant p=0,196). (C) Rat dyads from the 
“Standard Protocol” and “No display of preference” protocol showed increased social investigations from the moment of 
decision (focal pokes nose-port) until recipient’s reward delivery (p<0.005, Kruskal-Wallis test). (D) This difference was 
explained by an increase in the number of social investigation bouts in the dyad in the selfish trials only in “Standard 
Protocol” and “No display of preference” protocol (Wilcoxon Signed Rank test within each experimental protocol; p<0.005 
in “Standard Protocol” and “No display of preference” protocol). Data correspond to 4 representative animals of each group 
in the 4 testing sessions (n=16 par group). Mean ± SEM are represented in all panels. * denotes p<0.05 and ** p<0.005. 
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Chapter	  IV.	  Discussion	  
	   	  
The scarcity of evidence for prosocial behavior in non-human species amenable 
to mechanistic studies and the difficulty in establishing behavioral paradigms that 
allow the dissection of the factors that promote or constrain prosocial behavior have 
delayed the search for the mechanisms of prosociality.  In this sense, we developed a 
new behavioral paradigm to study the mechanisms of prosocial behavior in rats, and 
found that rats were prosocial in our food-foraging task, providing access to food to a 
cage-mate in the absence of added self-benefit or cost. This behaviour was modulated 
by the delivery of reward to the recipient rat, and the display of food-seeking behaviour 
expressed as poking a nose-port on the door that gave access to the food-baited arm 
and by social interactions during the task.  
To our knowledge, there are no published attempts at probing prosocial 
behaviour in rats using reward-based tasks. Tasks that use food rewards allow for a 
better control over the behaviour of subjects and the outcomes of particular action 
choices, permitting the disentangling of factors that drive prosocial behaviour in rats. 
By demonstrating that rats provide food to others in the absence of a direct or deferred 
benefit within the context of the task, we expand previous reports on prosocial 
behaviour in rats showing that these animals will provide food to others in reciprocity-
based tasks (Rutte and Taborsky, 2007; 2008), and that they will relieve others from 
stress in the absence of self-benefit (Bartal et al., 2011; 2014). 
In the present work, we first asked whether a rat (the focal) would provide 
access to food to another rat (the recipient) in the absence of added self-benefit. Since 
it has been shown, in chimpanzees, that behavioural displays of intention are required 
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for the focal to provide help (Warneken et al., 2007), we trained the recipients to 
clearly display a food-seeking behaviour, by nose-poking vigorously in the rewarded 
arm. When offered a free choice between a “prosocial” and “selfish” side, the focal rat 
changed its preference in the way that provided rewards to both animals (the recipient 
and itself). However, at this point it was still not clear what drove this change of 
preference in the presence of the cage-mate. Multiple factors could explain the 
observed preference for the prosocial choice that may or may not correspond to some 
form of other-regarding behaviour.  
For example, reward delivery to the recipient could have triggered a reward signal in 
the focals brain (vicarious reward) reinforcing prosocial choice. Vicarious reward 
signals have been shown in the brain of human and non-human primates (Chang, 
Gariépy, et al., 2012; Chang et al., 2011; Mobbs et al., 2009). For example, it has been 
demonstrated that social preferences of rhesus macaques can be shaped by vicarious 
reinforcement in a context-specific manner, hypothesizing that these experiences could 
be mediated by neurons in homologous circuits governing social perception and reward 
learning in non-human primates (Chang et al., 2011). However, there are no 
experimental evidence of vicarious reward signals in the case of the rat. 
 Focals also could be reacting to the display of food-seeking behaviour of the 
recipients as previously demonstrated with chimpanzees (Warneken 2007). Yet, the 
interest displayed by the recipient towards one side could have increased the saliency 
of that side. This phenomenon correspond to a form of local enhancement, which is 
characterized by an apparent imitation resulting from directing the animal's attention to 
a particular object or part of the environment (Thorpe, 1963). It is assumed that this 
focusing of behavior increases the probability that the observer will contact the same 
contingencies as the demonstrator and thereby facilitates acquisition of the same 
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response (Heyes et al., 2000). In our case the focal could be attracted to the “prosocial” 
side by the current presence of the recipient at that side or by recipient’s activity at the 
site. 
Thus, we aimed to disentangle the mechanisms and motivations driving the 
modulation of focal’s preference in our Prosocial Choice Task. We asked about the 
relevance of the display of food-seeking behaviour by the recipient in the context of 
our task. With this aim, we prevented the recipient animal from displaying any 
preference information before focal’s decision making, by placing it behind a door, and 
found that focals stayed at chance in this case. These results are in concordance with 
previous studies that showed that chimpanzees help conspecifics to obtain food and 
non-food items only when the recipients were active in trying to obtain the reward or 
display some intention to obtain it (Melis et al., 2010; Warneken et al., 2007). Our 
results pointed that food-seeking behaviour was necessary to drive prosocial choice, 
which could be explained by a contribution of local enhancement, as observed in 
corvids (Corvus monedula) (Schwab et al., 2012), mimicry, or could reflect some form 
of mirror representation of the other’s goals (Warneken et al., 2007).  
We also studied the role of the reward information in our paradigm. If reward 
information was necessary for prosocial choices, by manipulating our experiments in a 
way that this variable was no longer asymmetric between prosocial and selfish arms, 
we would expect no change in the behavior of focals relative to the individual training, 
as we had observed in the “Standard” protocol. Since our set-up allowed the 
dissociation between food delivery and the display of food-seeking behaviour, during 
testing recipient rats displayed a side preference, by nose-poking on the “prosocial” 
side, despite the fact that they received rewards on both sides regardless of the side 
chosen by the focal. When recipients were rewarded in both sides, focal animals 
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showed no side preference. As in this experimental condition, recipients continued 
nose-poking in one side, in the same manner as in the “Standard Protocol”, we could 
rule out local enhancement or potential mimicry of the nose-pokes of the recipient as 
sole drivers of prosocial choice. 
We also observed that in situations where the focal choose the “selfish” option, 
the recipient displayed some reluctance to enter that side and kept displaying its 
preference to enter the “prosocial” side. As a trial was only complete when both rats 
returned to the central arm, this delay in entering the unrewarded arm could lead to 
longer trial durations in selfish trials, and indeed this was the case. This situation lead 
us to think that the increase in preference for “prosocial” side by the focal in the 
“Standard Protocol” could be due to its motivation to obtain the rewards faster (as 
prosocial trials were shorter, focal could be choosing to be prosocial just to increase 
selfishly its own reward rate). However the measurements of the trial duration showed 
that selfish trials were longer in all three experimental groups, independently if the 
animals were or not prosocial in its choice.  Moreover, no correlation between trial 
duration and prosocial choice was observed either. These findings, together with the 
fact that focal rats could access the food rewards as soon as they made their choice, 
make reward rate as the main driving force of prosocial choice highly unlikely. 
Prosocial expression is largely affected by context and rats can act prosocially 
in situations in which focals can make use of salient cues from the recipient to infer the 
other’s goals (Cronin, 2012).  This perspective appears in previous studies from our 
laboratory (Viana et al., 2010) and lead us to think if the behavior of the recipient 
could have some influence in the behavior of the focal. Taking this into account, we 
analyzed the social interactions between the dyad and observed significant differences 
between protocols being highest in “Standard Protocol”. Furthermore, we analyze 
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interactions before the focal made its decision and found no differences in the amount 
of social interactions. However, we observed an increase in social investigation in 
“Standard Protocol” and “No display of preference” protocol after the focal made its 
decision until recipients entered the choice arm. This increase of social investigation in 
selfish trials in the protocols where the recipient received food only on one side, but 
not when reward to the recipient was delivered on both sides, suggested that reward 
delivery influenced the way in which rats interact, which in turn may have influenced 
prosocial behaviour. More specifically, the lack of reward delivery to recipient rats in 
selfish trials may have driven more social investigation by the dyad. Also, the observed 
increase in social investigation in selfish trials at the reward area may be akin to 
begging or harassment displays observed in primates (Burkart et al., 2007; Horner et 
al., 2011; Brosnan and de Waal, 2003). These, together with the display of food-
seeking behaviour before the focal’s decision, may have lead to increased prosocial 
choices by focal rats in the “Standard Protocol”. 
Which cognitive processes or signals are driving focal’s choices remains to be 
studied. One possibility would be that the reward obtained by the recipient would in 
turn be rewarding for the focal animal, and that this vicarious reward signals would 
drive the observed prosocial choice. Vicarious reward signals have been shown in the 
brain of human and non-human primates (Chang et al., 2011; Mobbs et al., 2009; 
Chang, Gariépy, et al., 2012). The effects of intranasal oxytocin administration in 
healthy human subjects showed that this neuropeptide modulates the ability to 
recognize, interpret, and infer emotions through visual processing of facial expressions 
(Dal Monte et al., 2014). Interestingly, vicarious reward signals are modulated by 
oxytocin in monkeys (Chang, Barter, et al., 2012). Even though, there are no reports of 
these signals in rodents, a recent study in mice has shown that there are social reward 
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signals mediated by oxytocin and serotonin in the nucleus accumbens (Dölen et al., 
2013). Food delivery in our task may have driven prosocial choice by altering the 
behaviour and the information about the preference displayed by the recipient, and this, 
together with the recipients food-seeking behavior prior decision and possible 
vicarious rewards signals, could explain the prosocial choice observed in our food-
foraging task. 
The existence of vicarious reward signals, the modulation of the observed 
behavior by oxytocin and the study of different modulators of prosocial behavior, such 
as familiarity, gender or social hierarchy, remain to be addressed in future studies. 
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Chapter	  V.	  Conclusion	  
	  
           We found that rats were prosocial in a food-foraging task, providing access to 
food to a cage-mate in the absence of added self-benefit or cost. This behaviour was 
modulated by the delivery of reward to the recipient rat, and the display of food-
seeking behaviour expressed as poking a nose-port on the door that gave access to the 
food-baited arm and by social interactions during the task being these conditions 
necessary for the manifestation of prosocial behavior. 
The dissection of the basic components of cognition aims to provide an 
understanding of how specific neural and behavioral mechanisms contribute to the 
organization of a given cognitive process and whether the same mechanisms operate 
across species. We believe that using a classical type of decision-making task in 
combination with the vast tools available in rodents to record and manipulate brain 
activity will greatly impact the search of the neural mechanism underlying prosocial 
behaviour.  
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Supplementary	  material	  
Supplementary Figures 	  	  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Supplementary figure 1 – Behavioural apparatus 
Our behavioural apparatus consist of two identical fully automated individual T-mazes (A-B) that can be placed together for 
the Prosocial Choice Task (C). Each T-maze had a central corridor as starting point (A), and two lateral choice arms at the 
end of which there was a food magazine (reward area, B). To gain access to the lateral arms, rats had to poke in a nose-port 
thereby triggering the opening of an automated door. Once in the lateral arm, rats could retrieve food (palatable pellets) and 
through a small runway go back to the start point to initiate another trial. An automated door placed in the central corridor 
allowed the control of trial start by giving the access to the choice area (note: this door was removed when the photos were 
taken, for better visualisation of the entire maze). Rats were first trained individually to poke in the nose port, retrieve food in 
the choice arm and go around the maze back to the starting point. Once training was complete the two T-mazes were placed 
facing each other (C) and the ability for rats to cooperate was tested. Importantly, the wall that separates the two mazes was 
transparent and perforated (D), allowing rats to see, hear, smell and touch each other. Images of two animals performing the 
prosocial task in our behavioural set up with zoomed views of decision (E) and reward areas (F) are presented. In (E) two 
rats rear facing each other in the decision area. The two nose-pokes of the recipient rat are visible in the photo. In (F) the 
recipient rat is retrieving reward (food pellet) while the focal animal is observing from the other maze. The transparent and 
perforated dividing wall facilitates interaction between the animals.  
	  
	  
A B 
C D 
Start	  
poin
t	  
Choice	  
area	  
E F 
Rewad	  
area	  
	   	  |	  46	  |	  
Individual training 	  
Each rat of a dyad was assigned to be either focal (helper) or recipient rat, and 
was trained accordingly (see methods section). Focal animals were trained to perform 
one poke in one of the nose ports, retrieve one food-pellet in the correspondent choice 
arm and go around the maze to the starting point. We observed no side preference at 
the end of the individual training 	  	  	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
Supplementary figure 2 –Individual training for focal animals  
Focal animals were trained in the individual mazes during several sessions to perform one poke in the nose port, retrieve one 
food-pellet in the choice arm (both arms rewarded) and go around the maze back to the starting point. No side preference was 
observed at the end of the training where animals visited both arms at chance. 
	  
 
Regarding recipient’s individual training, as explained in the methods section, 
animals were trained to vigorously nose-poke in one of the sides (with the exception of 
the recipients from the “No display of preference” group, which were actually 
prevented of nose-poking trough the door placed before the display of intention area). 
To ensure a robust food-seeking behavior and a clear side preference we quantified the 
number of pokes that animals from each experimental condition performed during the 
last three days of individual training. Recipients of the “Rewards in both sides” 
protocol had a higher rate of pokes when compared to the “Standard protocol” 
(Kruskal-Wallis test revealed p= 0,04 for day -3; p=0,161 for day -2; p<0,001 for day -
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1 between “Standard Protocol” and “Rewards in both sides” protocol) and as expected, 
the number of nose-pokes in the “No display of preference” protocol was negligible 
(Kruskal-Wallis revealed significant differences between “No display of preference” 
and the others protocols with p<0,001) (Supplementary figure 3B). Moreover, the 
pokes were very specific to the trained side and similar between the “Standard 
protocol” and “Rewards in both sides” conditions (Supplementary figure 3C) 
 
	  
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Supplementary figure 3 – Individual training for recipients 
The different individual training procedures for recipient rats in each protocol are schematized in A. Rewards are represented 
as orange circles in the schema, nose-ports that control the opening of the doors as grey rectangles and side preference as the 
angled head of the recipient towards the nose-port of one side. A grey rectangle placed before the display of intention area 
represents the door that prevents the nose-poke by the rat in “no display of preference” protocol. The number of nose-pokes 
per trial displayed by recipient rats differed across the three protocols. As expected, the number of nose-pokes in the ‘No 
display of preference’ condition was negligible (B). In addition, recipients of the ‘Rewards on both sides’ had a higher rate of 
nose-pokes when compared to the ‘Standard’ protocol condition. Finally, recipients nose-poked almost exclusively in the 
active port and in a similar manner in both conditions where animals were trained to display food-seeking behaviour (C). 
Mean ± SEM are represented. *p<0.05: **p<0.005; *** p<0.001.	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